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Histology of the leaf of Taxodinni 

STANLEY COULTER. 

II. The Jlesophyll. —The parenchyma of the mesophyll 


luesojpnyu .— jl nc • a 

consists of large, irregular, polyhedral cells, chaiacteiizcc 

bv exceedingly thin walls and numerous infoldittgs. , piBI 

infoldings are usually filiform, although in some instances 

they are somewhat thickened; in otheis, bind.■H mbHbBI 

* m - i i rn i _ 


in others. 


terminated by a knob. Those cells nearest the epi eimis 
and the fibro-vascular bundle have, as a rule, the more n ^ n ? 
erous and prominent intoldings. Scattered throughout ^ us 
tissue are found the so-called “ strengthening cel s (*c ei 
enchymatous), either in groups or singly. They seem to e 
arranged according to definite plan, as in the foliage ea o 

Pinus 10 and the fruit of the Umbellifera? 11 , but may he found 

in almost any part of the leaf. Sections tiom dif eient ea\es 
rarely show the same arrangement, and the same 10 c s rue 

of sections from different parts of the same leaf- ie } ’ 
however, be expected in transverse section with a reasona e 
degree of certainty in two positions, (i ) directly ovei t ie ^ 1 
vascular bundle, immediately adjoining the epi eima ce ^ 

of the outer surface of the leaf, and (2) neai the en s ® 
leaf in its longer diameter. In the first case, they usu.1 \ 
cur in groups of from 5—20, either massed 01 arrange in 1 
regular rows, in which arrangement 1hey oft6h res^in^ ^ 


Li VV o ^ ill W UJ^ll ui 1 . . 

series of braces for the purpose of support (tig. 4 r 
second case, thev mav appear singly, as a row s ,J • 
from the epidermal cells of the outer to those o ie 


row' stretching 


irom the epidermal cells 01 me uuic* ^ . “• .. . 

surface, or as a row running back from the Il P ,ca 

parallel to the line of the greater diameter of the feat {"*•?>' 

It rarely occurs that in this position these ce s aie^ 
than three in number, or that they occur othei wise a 
straight line. It sometimes happens that these cells are en¬ 
tirely absent from this region (fig. ), but this is no T ^ 
the case. „ . 1 , mArf > 

Groups composed of from three t<j five cel s, iaie \ m , 
are also found about midway between the epi eimis a ( 
fibro-vascular bundle, although these are sometimes ^ an 
It often happens that one-half of the leaf wi )£ 1 

plied with these cells, while the other has on y one 0 _’ 


10 Coulter and Rose, Botanical Gazkttk, xi. 258. 
11 Op. eit., xii. 289. 
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sometimes none. 


Although following closely no rule, they 

m ^ a « a a A — 


single 

■Oi 


may roughly be said to occur, if at all, either'in a hypoder- 

mal layer or layers immediately beneath the epidermis, or in 

a line about midway between the epidermis and bundle, but 

never, in either case, forming a continuous ring. In no case 

in the sections observed have they been found adjoining the 

bundle. It must be remarked, however, that they are not 

always found in the positions mentioned, but if present in 

relatively large numbers, the great proportion of them may 

be so referred. Apart from these general regions, 

cells are found in almost every conceivable position, except 

adjoining the bundle. They are often found adjoining the 

respiratory cavities, more often in positions which indicate 

nothing concerning their function or their relationship to the 
other leaf tissues. 

In transverse section they show the heavily thickened 
wall and present the peculiar appearance of “ fullness,” so 
marked in the case of this tissue in Pinus (figs. 3, 4 and 5). 

section they are seen to be elongated 

. (fig* IO )> and have the fibrous, 

banded appearance characteristic of these cells. 

Comparing the development ol this “strengthening appa¬ 
ratus of 1 axodium with that of Pinus, in which the location 
of these cells furnishes valuable diagnostic marks, 12 it ap¬ 
peals to present the incipient stages of a system which in 
othei sections of the same order becomes highly diflerenti- 
ated. In the imperfect annular arrangement of its strength¬ 
ening tissue, 1 axodium seems to be allied to Taxus on the 
one hand, and to Abies on the other, and in fact follows the 


HHn longitudinal 
prisms with pointed ends 


pie vailing rule that obtains in most leathers’ leaves. 1 

In Taxodium, the strengthening cells of the sclerenchv- 
* laa fO'U8 type do Hot surround the resin duct, or even necessa- 
ri Y appeal in its region, its support apparently coming from 

I I rw K • m A. _ 11 A • 1 1 « w 4 —* ^ ^ 


collenchvmatous cells, which here at least seem a transition 
form between the parenchyma and sclerenchyma. 

In Pinus, on the contrary, the sclerenchymatous strength- 

ening tissue seems to reach its highest development in its an¬ 
nular investment of the resin ducts, an investment which in 
Pinus sylvestris is in every instance complete and in some 
cases consists of two layers (cf. figs. 11, 12 and 13). 

The strengthening apparatus of Taxodium distichum dif- 
ers therefore from that of Pinus sylvestris in the following 

paiticulai s: (1) In the absence of the continuous hypoder- 

^_ 

!!ni U il^ er a ?«^ ^ ose » Botanical Gazette, xi. 258. 

De Bary, Comp. Anat. of Phan, and Ferns. 4!9. 
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mal layer, which in Pinus seems collenchvmatous rather than 
sclerencliymatous ; (2) in the presence ot this tissue in the 
median region between the epidermis and bundle; (3) in 
its absence at the resin duct; (4) in their indeterminate po¬ 
sition. 

In tact, so widely variant is the system in Taxodium 
itself, that it is only through an examination ot some hun¬ 
dreds of sections that even an approximate disposition is to 

be found. 

So tar. therefore, as the strengthening apparatus is con¬ 
cerned. the leaf of Taxodium seems much less perfectly de¬ 
veloped than that of Pinus. 

Between the bundle and the epidermis ot the lower leat 
surface, relatively close to the latter, is tound the single resin 
duct. The position is that to be expected from the nature ot 
the leaf as shown by Thomas in Vergl. Anat. der Coniferen- 
laubblatter. No accessory passages are tound in any othei 
portion of the leaf. In transverse section the duct is seen to be 
somewhat irregular in outline, more nearly polyhedral than cii - 
cular. The bounding cells, as above said,seem to be collenchy - 
matous, and differ only in their thickening trom the sin- 
rounding parenchyma. Those cells lying between the epi¬ 
dermis and the duct are the most heavily thickened, and by 
their arrangement furnish not only support but protection. 

On the upper side of the duct the collenchvmatous cells 
shade down gradually as to thickness ot wall, until the} 
reach the bundle. The duct thus seems to be perfect!} sup¬ 
ported and protected in the vertical line. 

No marked extension of the thick-walled bounding ee s 

« « - • A _ 


W v *»«**<* V • - * V. « v A A W a ^ — — - 

is to be found laterally ; they seem in that dilection to pass 
somewhat abruptly into the typical parenchyma of the meso- 

phyll (figs. 4 and n). , 

The secretory cells of the duct, generally six in num er, 

show in transverse section a marked difference in size an 

form. In size, they often differ as tour or five to one, w 11 e 

their forms range from irregularly triangulai, through nai 

rowly elliptical to oval (fig. ii)- , . _ 

In median longitudinal section they are seen to have tit 11 

longest diameter in the direction ot the duct, while tn» 


bounding 
relatively 


cells, which sho\v r numerous 


infoldings. 


ha\ r e a 


-- similar arrangement (tig. 10). The wal s o ie 

secretory cells are extremely thin and delicate, showing no 
thickening in any direction. 


No tests were made to determine the nature of the 


con- 
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tents ol the cells, and they are classed among the resin se¬ 
creting cells because ot their similarity in structure and ar¬ 
rangement to the typical resin ducts, and the close relation¬ 
ship ot 1 axodium to resin secreting plants. 

The lesin duct ot Taxodium, when compared with the 
secretory system of Pinus sylvestris, appears remarkably 
Rudimentary. Leaving out ol view the greater number of 
ducts tounc in Iinus, a comparison of the duct of Taxodium 
with a single duct ol Pinus confirms us in the thought that 
v\e ave in tie foimei the beginnings ol a system, which is 
lully and strikingly developed in the latter. In Pinus we 
find in transverse section the almost perfectly circular outline 

o t le duct, the sclerenchymatous investing ring at times of 

11C "pess, the moie numerous and regular secretory 
Cellroften ofmore than one layer, evidencing in every case 

a complete differentiation from the surrounding tissues, and 
an apparently perfected system. 

Taxodium, on the contrary, the whole duct gives evi¬ 
dence of an incomplete differentiation. | llill 


_ 1 . — ---—-.. It agrees more 

e. \ in every particular with* the duct ot Pinus svlvestris as 

ound at the commencement of its development in the young 
leaf (ct. figs. 11 and 12). . * 

then ’ as we ^ as m cases of the stomata 
and the strengthening cell system, the leaf of Taxodium 

thaf S f P’ ence 01 a muc ^ ^ ess complete development than 


that of Pinus. 
I1 /. Fibre*- 


The fibro-vascular bundle 14 


r-11 . J - ^*1V, umu-vaatUliU UUIRUC" 

• 1 e £? ener<1 uile which obtains among the Coni ferae 

*" nga !f-P arate c ® urse ^ end, and also accords 

I p ie con > ition, so far as it has been invesiigated, among 

Pre i SS 1 ’ l n , bem g sin g ] e and median. While the 

at firot rrl * C 1S C0 ^ atera ^ type* in transverse section, 

■1 m uLr a r Ce ' See rm to , stand out sharply and distinctly, it is 
-- T S T e ( , llft,c 1 ult y to to it a definite limit; there 

the r rn ^nA‘ & 5 ° Ut 1 and tbe P ar enchymatous elements of 
within i dm m S?Ue , .P as ® ln S gradually into those which lie 

normal T dl ! T h ’ > The orienta tion of the bundle is 
sharnlv Tt! 11 i 6 eriC | ^ ls t a pered somewhat, though not 
in sh ine di 1,6 * X C em ’ ) v hich is irregularly semi-crescentic 

face untd r I 01 ?— " S 11 extends toward the upper leaf sur- 
tricheides Th Imit consists ot but two or three rows of 
_ _ dCb ‘ These > however, are in immediate contact with 


V 


m 


cf. 
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a series of heavily thickened cells, apparently collenchymat- 
ous, bv which the bundle seems to be directly connected with 

^ w ■ J 1' l I 1 I J jpj W g W* ^ 

the group of hypodermal sclerenchymatous cells heretofore 
described. 

The xylem also diminishes laterally in the same manner, 
and is connected on either hand with an irregularly curved 
line ot tracheides which project into the surrounding par¬ 
enchyma. The line of the “ fringe of tracheides," if,indeed.it 
can be called a fringe, can not be said to follow the-contour 
ot the leaf. In many cases it terminates abruptly, although 
in one or two instances in the sections made it was a prom¬ 
inent leature. Its presence, however, was not so constant, 
nor so marked, as might have been expected from the studies 
ot Frank 15 , and later those of Mold 10 . In other respects 
the xylem seems in no wise different from that usually found 
in collateral bundles among gymnosperms. 

The phloem, which shows regular rows of similar ele¬ 
ments, in all the sections examined, seemed to have thicker 
walls than were to be expected in this section, but it is prob¬ 
able that the apparent thickness was due to swelling. In 
spite, however, of this somewhat unusual thickness of the 
membranes of the phloem, the boundaries between it and the 
xylem are sharp and distinct. 

The phloem, as the xylem, diminishes somewhat lateral¬ 
ly, and aids in giving the pointed appearance to the bundle 
in cross section. 

As the xylem is connected bv a series ot thickened cells 
to the sclerenchymatous strengthening cells above it, so the 
phloem is connected with the resin duct by a number ot rows 
ot thick-walled cells, and thence by wav of the collenchyma 

j j y 

surrounding the duct, to that lying between the duct and the 
epidermis. In the vertical line from the phloem to the duct 
and thence to the lower leaf surface, the thickness of the cell 
walls seem unchanged, but in all other directions they dimin- 
!sh somewhat rapidly until they pass into the surrounding 
parenchyma. It is, as stated at the first, extremely difficult 

«/ 7 •/ 

to say where the bundle ends, and the non-equivalent ele¬ 
ments ot the same form begin (figs. 4 and 2). 

In longitudinal vertical section, the elements of the bun¬ 
dle present no marked features unless it be in the absence ot 
spiral vessels, which were not detected in any ot the sections 

made. I am not as yet prepared to say that they do not oc- 

^ ____ ^ 

■ aSSS®’ Zeitu »K. 1864, p. 167. 

“Ibid, 1870. p. 10. 
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!*?P*^ Ut certainly are n °t so prominent or numerous as 
in Firms and the other Coni ferae studied (ficr. io). 

lile the bundle is single and median, it has in some 
measure the appearance of having been formed by the co- 
alescence ol two bundles. If this be true, the coalescence 

w“li’ ',1 h t n0d f’ or immediately at the attachment of the 

been unable to secure satisfactory sections either through ihe 

hr0 S* h th - e e J VaCt . base of the leaf. The point is 

stiongly against the view ot the bundle being the result of a 

coalescence of two bundles. k 

Olh J h ,L SpaCe . °, CCUpied b' the bundle > as compared with the 
than is ^ S fT St ®I ns rnab, ng up the leaf structure, is smaller 

Pinns tvl‘ SUa , ^ 116 case ln conit ' er s, much smaller than in 
Jrinus sylvestris. * ■ ; 

md^PinnT^ 11 * n r o-vascular systems of Taxodium 

1 " Ub ’ W l f 1 hnd V as ,n 1 . the ca se of the other parts com- 

alenr ^ f larp dl,lerentla tion from the non-equiv- 

oomem of th D mg elements ; as wel1 a less complete devel- 

opment ofthe composing elements (cf. figs. 2 and 4 with fig. 

leaf structure i ei eoie ^lel}' concluded that, so far as 
much 1 p«« ' e Ib i C0n ^ ern e d * Taxodium distichum presents a 

ferentiation et f deve l < - ) P rnen t and a much lessperfect dif- 
The farts in s s 3 h ems than is found in Pinus sylvestris. 

T r .1 JT 01 0 ^ this view may be summarized thus: 

denced bv (n \ th** k C * eCt me !rhanism ot the stomata, evi- 

l he Ch , a, ; acter 1 ot the guard cells, and (b) the 
slight modification ot the subsidiary cells. 

ment ofth the /"perfect development and indefinite arrange- 

s^nce of ! rn«r gtheni S g a PP aratus > shown by (a), the fb- 
sclerenchvma f- ,nu< ? u^, hvpodermal layer, (b) the absence of 

presence of sin t?™ ii e . re ^i° fl the resin duct, and (c) the 

indetermin ii nni S ‘? nd 8roups ot cells of this tissue, at 
of support ^ n s in the mesophyll, reterable to no theory 

ISlIBri t\-^nf ^ eSCI /vA S ’ n ^ e resin duct, showing (a) les 

it\ ot torm. onJ :_ ' 


3 - 


rp«. 1 1 .rif\- . ,, \ . 1CS1 " uuct, snowing (a) less 

(c) imnerfect Hi fFii^ }• GW "‘regular secreting cells, and 

^ i. TO S: ent, f IOn f% m th ® surrounding tissues. 

the less nerfert A C0I ? 1 P^ e diflferentiation ot the bundle and 
In all of °P* me , nt °^. t he elements composing it. 

bles the conditi n P ai Oculars, indeed, it more nearlv resem¬ 
bles the conditions found in the young foliage leaf of Pinus 
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sylvestris than in the adult leaf. It may, therefore, be fairly 

regarded as showing the beginnings of a series of median- 

isms and systems which in Pinus sylvestris have reached 

a high development. In Taxodium we find these variant in 

orm, in position, in development; in Pinus, constant in all 
these particulars. 

Purdue University , JLafayette , hid. 

, Explanation of Plate XI.—The magnification figures were upon 
tfie original drawings. These having been reduced one-half, the magni¬ 
fication figures must be correspondingly reduced. 

A. Single leaf of I. distichum in position. B. Leafy branch- 
let, with its crowded, 2-ranked, linear leaves. 

Fig. 2. Cross section of leaf of T. distichum, showing the three re¬ 
gions of which the leaf is composed, distribution of strengthening cells 
and position of resin duct. 

Figs. 3, 4, and 5. Same, more highly magnified, showing also distri- 

u ion of stomata. The three figures, as can be readily seen, are parts of 
the same section. 

Fig. C. Surface slice of T. distichum, showing irregular outlines of 
epidermal cells and depressed position of stomata. 

ig- f . Section of stoma of T. distichum, showing depressed position, 
0Va . guard cells with heavily thickened outer walls, and large respiratorv 

Fig. 8. (Letter press, p. 80) Section of stoma of Pinus sylvestris. 
ig. 9. Longitudinal section, leaf of T. distichum, showing formation 
apex of leaf by a continuation of epidermal cells of inner surface and 

modification of adjacent cells. 

* .ig* Median vertical longitudinal section, leaf of T. distichum. s, 

superior surface; i, inferior surface; a/, strengthening cells; r, resin duct. 

'ig. 11. Resin duct of T. distichum, showing imperfect diflerentia- 
u>n rom surrounding tissues and irregular thin-walled secretory cells, 
ig-12. Resin ducts.of Pinus sylvestris. 

*3- Transverse section of foliage leaf of Pinus sylvestris, show- 

re gions, distribution of strengthening cells and position 

of ream ducts. i 


BRIEFER ARTICLES. 

n|ffi(cation of the versatile anther.—In the genus Ljjium, for ex- 
arnp e, it. is a well-known fact that the anthers are at first erect, but as 

tif 6 ^ n . lature ^ ie true versatile character becomes evident. An inspec- 
- a young anther shows that the upper portion of the filament is 
en er, and inserted, or held in position, between the two lobes of the 



